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Transmission of immunoglobulin to foetal and 
neonatal mice 
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* tn foetus *nn 10 neonate, 

I ,1 immunodiffusion in gel assays, riu tninnw 0 |f,pri»g w.« measured by P»"'">- 



Introduction 

.tudW in several species, but ^^^J, nUct uion, which is surprtstng ,n 
The mouse has not rece.ved an ^^T^ particularly for m^uac- 

view of its importance as a labo ratory ■ r me ^ toupled th 

ktfcal investigation. The "^"^ Jihodics, has stimulated us 

the observed consequences of '^^^ZTxt^^^ <> f ™ W ° 

in the neonate (in P^rat.on)- dcmonsltate d that some degree of resistance 

Early work by Ma»in*m (1967 d •„ uteW but the major period of 

to va cinia virus in the mouse could £ £4 «* ^ Q ^ y (1969) werC th n 
transmission of resistance <*^" ^^Z S emitted before birth were in the 
able to show that a proport.on of * ^wy across the placenta or yolk 

Yl and y2 Uoiypcs. Such transom* on jo s P« ^ u> d tratc the 

L endoderm, or both, l^nd BarthO^) f ^ ^ ^ ^ in lhe niouS c, 
quantitative importance of antioooy 
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ii route that had bee,, clcady defined by Ilall.day ,n 1959, who had shown ,k 
absorpt.cn of antibody by the proximal small intestine continued to the 2 f" 
postpartum. R.hey and Barlh .showed that there was a rapid acquisition o it ? 
neonates Irom maternal m!IV K..t „ ... i ,..» 1 .. . 'SO by 



neonates from maternal milk but no maternal IgA or IgM could be fn'^ 
neonatal serum, even though IgA. a. Ions., is present m high concentration™ £ 



Material* mid Methods 



Mice 

SJL/J. C57BI./I0, CB20 (all Ig-l" allotype) and Balb/c (ig-P) were obuineH 
com t e ttiouse colony of the Department. Fla.b/c fem* J«inl.„l,ed 
Ihc Ig-1» allotype (see below) were trial bled and their sera tested by gel diffS ' 
Only those showing a single precipitin line with sera of SJL/J and \ 1l 
precipitm band with the purified y2u myeloma protein of PC10I (CU20 origin) 11 
selected for mating. «"6'".J wi.re 

Antiscra 

Sheep anti-nu,u 5e Ig isotypc sera were raised by immunisation in FrcuntN 
Complete Adjuvant (FCA), with mouse myeloma proteins purified by S 

SS?nff y fr " m lkC f0U0WinS SeCreted P'«'^ytoma products: I,a 
(More 315), IgM (MOPC 104), y| (MPC 21), Y 2a (APC 5), y2b (MPO I he 
P asmacytomas were all kindly donated by Dr. D. Dresser of the National In titute 

1!S T, c : , lh r an,isera wcre rcndered s ^ cifk *y wiS 

gluta.adehyde eross-l.nlced (insoluble) purified myeloma proteins or the poly- 
mensed lysate material of extensively washed myeloma cells 

Balb/c anti-Ig-l'- wrum was prepared according to the method of Herzenbcr* 
and Herzenberg (1973) and was affinity-purified using a Scpharose-PClOl (via 
Ig-l ) immuaoad«orbcnt. All antisera were tested for specificity by ge! diffusion. ' 

Radial immunodiffusion in gel assays 

These were performed on 8 X 8 cm glass plates of 1% barbilone agarose pll 8 6 
contain.ng 2* (w/v) polyethylene glycol (PRO, BDH, 6000 daltons). Volunics of I 
or 2 ^1 o whole scrum to be quantified for isotype were applied to 2.7 mm diameter 
wells , n he agarose gel usmg n Hamilton syringe. Precipitin ring diameters were 
measured after 24 and 48 h at room temperature and the test samples compared with 

c™,t , 7 Pla,C> ReSUl,S afe UX P ressed as » percentage of the 

corresponding normal adult serum pool. 

Passive haemagglutination 

This was performed in Cooke round-bottomed microtia plates using 1% foetal 
Si r«n^ } ph ?P hate - buffer « f »>ine (PBS) » dilt.ent. Sheep red blood 
eel s (SRDC) were coated w.th purified y2a protein of the PC10I mouse myeloma, 
obtained from the ig- ! h homozygous CB20 allotype congenie strain of Balh/c origin. 
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secreted plasmacytoma products: IgA 
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sted lor specificity by gel diffusion. 



lutes of 1% barbitone ugaro.se, pi I 8.6. 
U t BOH, 6000 daltons). Volumes of I 
>type were applied to 2.7 mm diameter 
/tinge. Precipitin ring diameters were 
re and the test samples compared with 
ire expressed as a percentage of the 



med microtitre plates using 1% foetal 
ic (PBS) as diluent. Sheep red blood 
I'Otein of the PC 101 mouse myeloma, 
>typc congenic strain of Balb/c origin. 



,He titration of antibody. 

e tru m sample . p , j neonatal serum was 

* Adult mice were bled routinely from th U 1 • Foe a ax 

gained by sacrifice and heart puncture. ^^ 0 ^ ttoai ea ch foctu.. 
t ' er s were pooled. ow.ng to AH -era -«d 

Amniotic fluid, bathing ^"f^J C ~ as y dtawn I(em bating Balb/c 
.mmolic fluids were stored a -20 C ^ f ] {J , $ynotoc - in . 

pothers under anaesthesia following suUo J^eous j m _ m j of 

Mining was accomplished using ^^^J^ 10000 rcv./min 
m Uk were obtained from each J^*^™ ^ctcd and stored al -20»C 
(14000 x g) for 10 mm and the clear 5uperna1.uu v 
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pregnancies is shown m Fig. 1. Maternal I« of (he yl, y 2a and y2b subeh^ 
lound regularly in the foetal circuJalion "„ d [ 5 If*™.!™ 
around 10 .l 5% „, tll;lt of aduk Balb/c ^ ^ 5 is e c H^'r'^ 
gestat.ona, age to obtain lhc required q.ant.ty of foeul „l£d£, ' 0 „ £ ^ 
Ig Present .t th.. time it i, evident that transmission must ha ^ ^ 
ear her. Test, showed that serum Ig from 15 days «o hirth (nnd beyond 1*2 T re > 
maternal ona„ „ (B.lb/e X SJL/J)!', fW serum contains 'io fg earrvins ti^ 
paternal allotypic markers. Amniotic fluid harvested tram r J 1 * g the 
foetus on day 15 of gestat.on (and p " bably bX) lS?™«?^ T* 
maternally derived immunoglobulin, of the v i^, , levels of 

the IgO isotypes ,n foetal sera varied considerably between litters Mn T> ° 
case each subclass of | g0 U presented and there is no obJ.o "le » Z o ZT 
or tran^us.on to the foetus. A progressive rise in the level, o " aU gG Xta 2" 

foetal serum can be seen from the 15th div m no.u ^ ^ w &udu a$sls m 
of !gC subcla.es at birth are 

quantity of passively acquired IgG antibodies is available befor^ u lc f, <Can ' 
mences to confer protection upon the otherwise M^TJ^Mte^ I 
proporuon of mice tested (10-20%) contained ,ow SZL^^S 
Th,s u thought to be ot maternal origin sinC e these dasses of Ig are n^ZX 



i 




d5 



<17 dIO d13 die 
AGE AFTER BIRTH (DAYS) 



d19-2l <)27 d3S 



I ig. 2. Scrum immunoglobulin cliiss and suhclftss levels in r» a ll 1 /,.v«rr /t>ir , 

after ^(h exposed «, . percent^,. 0 f Z ,1 A ? 7 ' F| fr0m lluy 1 ,0 ^ 38 

pool. SK-ulurd error. are ^Z TjJ, t , h 7«P^""* «*•» or Kubclas, i„ «„ ,d u |. F, «crum 
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g of the yl, y2a and y2b subclasses can ^ 
on day 15 of gestation in concentrations 
serum. Day 15 is the earliest practicable 
(ltiiy of foetal blood but from the levels of 
transmission must have begun some days 
5 days to birth (and beyond) is entirely (> f 
oetai serum contains no Ig carrying the 
id harvested from the .space around the 
>ably before) also contains low levels of 
tht; yl, y2u and y2b subclasses, but i n 
:d from the foetus. The concentrations of 
:iclcrabty between litters although in every 
id there is no obvious selection of subclass 
/e rise in the levels of all IgG subclasses in 
/ to term (19th day). Mean concentrations 
hose of adult mice, and thus a significant 
>odies is available before suckling coin- 
nvise defenseless neonate. At term a small 
aincd low levels of scrum IgM and TgA, 
ice these classes of Ig are never detectable 




d13 die 
HTH (DAYS) 



c!1S>-21 027 



d36 



■f in (DalW/u xsJl./J) f, mice from day 1 to day 38 
lie respective cbs*or subclass in an adult F, scrum 
ugle samples are positive. 5 or more neonates from 



. «„„,,-,l .eram in the lim live d.y* alter birth and Jo not r««* «,ai«,l e nl fc-* 

after birtn, to uow^u uj e> . 4 _ 5 k of aftei Q nc day after birth 

tK^SlXin the^t few da^offocuj 
r wUh L onse; of transmit via the gut, IgG levels c.se dr.mai.cdly and 
v .Td m Cr c is an obvious early selection in favour of yl anybodies winch 
P " h^h .dllcv V he first week and then consistently exceed this levc for two 




T "TO 13 16 20-2123^24 
AGE AFTER BIRTH (DAY 5) 

mf« from day I .o day 27 „f.cr bir.h. expressed « a ™ ™ „ o( a of 

lire figures (willi S.U.) above the columns. 
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appear in the s eriim of ^t^Z a J^ d Ts ,,n ^ bU,, ; ,, ° f ^ < I 
onwards. From the 3rd week a f t ? iy 5 and 10 a " f ™m dav h 

progressively towards l^t^l^l *° T? ^ * '* M b ^ «o ri 
The »PP°a»ncc of •utoJ^^^ d "! ,ch ^ s »' nc «** in the w J 
mouse un tll the 4th weefc g aml "j^ly in the yo , g 

weeks. The fi rs , j 8 g Sllbclass (0 show elidenil f y ," , ° W y ° Ver thu ne *< few 
"hoc concentration a l so began ,« ^ ^ ^ ">* ^ 
The transmission and synihesi . s of 3 w .„ 2 * ' L WCdfS af,Cr birth 

, Tho pattern of transmit 0 f iZu^^Z T ,,udi '* 
i-s followed to a large degree ,s , w a , h ? "" llC '° lhe neon;,,al "rcula 1(0n 

specifie anti-a.lotype ™ J **J «»-™"* ^ of 

■heir hetero,ygou S effsprtng (l^ig rSe ^ U W r^T* B " ,b / C ^r, J 
respective maternal antibody litre 1 ' eXpressed as « Pontage of 

front separate titters o, S ^ , J"" ^ « minimun, of four m fee ,^ 
in utero is only 10% of , he ^ of Z'^, ^ b * "«"^i«io 

;ap;% ov C( . ,0 , ays and ^ ^r m h ; b,It <hc r onlrs,,ioB 

"gWy efficient absorption from the gut 0 f nu,k ir o "T^'* by , 

day old mouse has antibody ,i tre , a j i„sl Z t tf ' n " eXtem that tho »° 

iea.st twjtc those m (he maternal serum. This 
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is not transmitted across the m 
nmunoglobulin of the neonate t 0 
iy 5 and in all mice from day 13 
urn level of IgM begins to rise 
ed in some mice in the 6th week 
tot occur regularly in the young 
s only slowly over the next f evv 
>f autologous synthesis mm r 2b 
« 4th and 5th weeks after birth, 
lined jn our studies. 
i milk to the neonatal circulation 
1, in the appearance and titre of 

immunised Ualb/c mothers to 
expressed as a percentage of the 

a minimum of lour mice taken 
tibody obtained by transmission 
■ uiii, but the concentration rises 
lc to accumulate antibody by a 
\ to such an extent that the 10 
)se in the maternal scrum. This 




!ic milk or inciting n.^A mi« from 
* of the respective class or subclass in 
•<u1l. Sample* w«r C taken from unly 2 
:3Ulls, .shown elscwlwre (Fig, 2). 



condition is sustained for two weeks but upon gut 'closure' antibody levels fall 
dramatically over the next two weeks owing to the short average catabolic half life of 
mouse IgG (between 3 and 4 days based on our data). Antibody at less thnn 10% of 
maternal litre persists to the 27th day after birth and in some animals traces of 
antibody can be detected as late as days 35-40. No differences could be detected 
between (Balb/c x SJL/J)F, and (Ralb/c x C57BL/10)F, hetcro/.ygole offspring in 
their ability to take up and concentrate maternal anti-Ig- l b antibody from the 
mothers' milk. 

A further aspect of our investigation of antibody transmission involved the 
quantitation of immunoglobulins in milk taken from the Balb/c mothers. The 
results of this study are presented in I ; ig. 4. It was possible to take only a limited 
number of samples from 2 or 3 1 acta ting mothers on the days shown. However, it is 
clear that the level of all immunoglobulins in milk, except IgA, is low and varies 
little during the whole suckling period; IgG and IgM levels are consistently about 
20% of the concentrations in normal adult scrum. However, IgA in milk is, by the 
1 1 tli day of lactation, very substantially above the adult scrum level. The amount of 
IgA appears to increase during suckling and at the time of natural weaning the 
concentration is at least double that of adult serum. It is also interesting to note that 
beyond day 16 milk continues to contain IgG, even though the young mouse is 
unable to absorb it intact across the gut wall, i,e, after gut 'closure 1 . Antibody levels 
arc not shown in Fig. 4 but the anli-allotype titre of milk antibodies has been 
measured and regularly achieves levels approximately half of those of the maternal 
serum by day 11. 



Discussion 

It is clear from our results that the transmission of Ig from mother to young 
mouse begins relatively early in the second half of the gestational period, probably 
2-3 days before the earliest age at which we were able to obtain foetal blood samples, 
and continues well into the third week of post-natal life. Morphis and Gitlin (1970) 
described a matcrno-foctal IgG transport mechanism in the mouse which becomes 
active between 11 and 15 days of gestation, and some prenatal antibody transmis- 
sion studies done by ourselves, but not presented here, show that anti-SRBC activity 
can be detected, at very low levels, as early as day 14 of gestation. These results 
support the findings of Malkinson (1967), who demonstrated the protective effect of 
prenatally transmitted antibody to vaccinia virus in mice, and indicate that the foetal 
mouse is the recipient of rather higher levels of maternal Ig than had been previously 
noted (Bell et al, 1966). In our studies foetal serum Ig often reached a level in excess 
of 25% of that found in the maternal circulation at term and the importance of this 
prenatal transmission must not be underestimated. 

The route of transmission in utero in the mouse has not been investigated 
thoroughly, although Brambell and Halliday (1956), working on transmission of 
maternal immunoglobulin in the rat, proposed three possible routes; two of these 
involve uptake of immunoglobulin from the uterine lumen, one directly into the 
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foetal circulation by way oF the yolk sac and vitelline circulation, and the other b 
absorption across the Foetal gut after ingestion of amniotic fluid, the immunoglob/ 
lin having passed across the yolk sac and amnion from the uterine lumen ^ 
transplacental passage of immunoglobulin was also implicated on the basis 0 f 
experiments which showed transmission to the foetus even after surgical interference 
with the vitelline circulation. It is unfortunate that samples of uterine fluid Frotn 
pregnant mice are so difficult to obtain after 10 days of gestation due to the close 
apposition of the coneeptus to the uterine wall. From our investigations it is clear 
however, that the amniotic fluid bathing the foetus contains immunoglobulins of the 
IgG, IgM and IgA classes which are of maternal origin. We find no evidence that 
young mice can synthesise any substantial amount of their own IgM or IgA until 
more than one week (IgM) or 3 weeks (IgA) after birth. The amniotic fluid IgG 
carries only the maternal allotype (of r 2a) in situations where mating have given 
rise to F, Ig-| nb hetcrozygote conccptuacs, How the maternal immunoglobulin 
arrives in the amniotic fluid has not been adequately explored but, because it h there 
in considerable amount from at least the time that Ig is found in foetal serum, n 
must be regarded us a possible source for transmission to the foetus by the vitelline 
route or across the foetal gut wall after ingestion, Tt can be noted that amniotic fluid 
contains more or lass equivalent amounts of y\> y2a and y2b subclasses of IgQ 
(Fig, 1). These all reduce in concentration in the last 3 days of gestation. The 
dramatic increase in these same subclasses in the foetal circulation at this time is the 
best available evidence for an amniotic fluid-foctal transmission. Should this occur 
across the foetal gut wall then we do not sec t prior to birth T the gut epithelium 
imposing the same IgG subclass restrictions on transport as it apparently does after 
birth in dealing with maternal milk-derived antibodies (Fig. 2), 

Although not examined in this study, there is considerable evidence that immune 
lgG3 may be selectively transmitted across the placenta prior to birth, often reaching 
concentrations in excess of those found in the maternal circulation (Gitlin 197l ( 
Grey ct al, 1971). However, postnatally, Guyer et al (1976) could demonstrate only 
minimal specific binding of lgG3 to intestinal Fe receptors of the neonatal gut, 
indicating that the bulk of transmission of IgG,l may occur prior to birth. It has 
been shown that IgG3 constitutes the major isotype in antibody responses to 
common bacterial carbohydrate antigens (Perlmutter ct al, 1978) and this may 
explain the reported high level of prenatal transmission. However, whether lgG3 is 
selectively transmitted postnatally clearly remains to be determined. 

The initial fall in neonatal IgG levels following birth may be the result of a 
number of factors, such as an immature IgG transport mechanism tn the neonatal 
gut or low levels of Ig in the first colostra! secretions of the mother. It was not 
possible to test this second hypothesis, as milking immediately post-partum would 
have jeopardised the litters. Serum loss or other trauma associated with parturition 
may induce a transient hypogammaglobulinemia which persists for just 1-2 day* 
until the neonate begins actively to concentrate maternal Ig taken from the milk. TIk 
mechanism of milk Ig absorption has been investigated in rodents by a number of 
workers, using mainly the rat, and results have shown the importance of Fe receptors 
found on the surface of cells lining the proximal small intestine (Jones and 
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Waldmann, 1972; Rodewald, 1976; Borthistle et ah, 1977). A similar mechanism is 
drained to operate in the intestine of suckling mice. Our results clearly demonstrate 
l hai an IgG sub-class-specihc selection mechanism governs the uptake and transmis- 
sion of IgG by the neonatal gut; the IgG I sub-class is the most efficiently 
transmitted, with IgG2a being only slightly less readily taken up, while IgG2b is 
only poorly transmitted. Guyer et al M (1976) reported .similar findings. Neither these 
workers nor ourselves could find any evidence to indicate that IgM or IgA were 
selectively transported to the neonate, although according to Jones (1976) some 
absorption of intact molecules may occur in the more distal regions of the small 
intestine. 

In the mouse the preferential uptake of IgGl and IgG2a to the neonatal blood 
could be expected on the grounds that, as they are the isntypes of choice synthesized 
by adults, they would be expected to have a priority role in the protection of the 
neonate. This may be an explanation for their more efficient transmission across the 
gut wall. IgGl constitutes 60% of the adult total serum IgG and IgG2a makes up 
another 20-30%. Tims IgG2b and igG3 can only make up the remaining 10-20% of 
serum Ig (Nalsuume-Sakai et al t 1977; Potter, 1972). It is reasonable to assume that 
the required protective properties of passive antibody arc adequately represented in 
the two predominant IgG Sub-classes under most circumstances. 

Because of the great efficiency of transport of IgG across the gut wall there is no 
demand for very high levels of IgG in the gut lumen. Indeed, the low level of IgG 
found in the milk, compared with IgA, may well be of advantage to both the mother 
and the neonate; high levels of IgG would keep the transport mechanism saturated 
with a resulting unnecessary wastage of unbound IgG through proteolysis (Wald- 
mann and Jones, 1976; Morris, 1976). Surprisingly, secretion of IgG into milk is 
sustained even in samples taken after gut 'closure 1 on day 16 even though by this 
time it can be of no further use as a transmissible protective antibody. Presumably it 
can continue to perform an important role in protecting the gut from infection until 
weaning. IgA is the grossly predominant immunoglobulin class to be found in milk 
throughout lactation, however, and there is no doubt that it has the primary role as 
protective antibody in external secretions (Tornasi and Bicncnstock, 1968). 

Although we did not test for anti-Ig-l b activity in immunoglobulin isotype 
fractions of the immune milk (because of the small volumes collected), the anli-Ig-l b 
titre of the milk was at least half that of the maternal scrum. Since milk contains 
relatively lower levels of IgG than are present in the maternal serum we must assume 
that some anti-Jg-l b antibody resides in the IgA fraction as well as the IgG fraction, 
Stechschulte and Austen (1970), however, could not detect anti-hapten activity in 
milk IgA of rats after systemic immunisation with DNP-BGG, although IgG 
antibody activity was easily demonstrated, That substantial amounts of anti-Ig-l b 
activity reside in the IgG fraction of the milk in our model also is obvious as this is 
the only source of such antibody obtainable by the neonate (i.e. in the circulation). 
Comparison of Figs. 2 and 3 clearly shows a correlation between rising serum IgG 
levels and anti-Ig-l b titre. 

The gut of the neonatal mouse remains penneable to the passage of intact IgG 
until 16 days, after which the uptake of maternal antibody abruptly ceases (llalltday. 
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1959; Brnmbelh 1970). Our results are in agreement with this finding as both 
antibody litre and neonatal immunoglobulin levels, which are maximal between 
10 and 16> begin to decline rapidly after day 16. The cataboliim of immunoglobulin 
like transmission, is postulated to be an i r e-related phenomenon (Fahey and Robin' 
son, 1963; Brambell, 1966), and the lower level of transmission, and higher carbolic 
rate, of IgC)2b would be in keeping with a mechanism in which IgG molecules 
compete for a limited number of Fc receptors. It can thus be postulated that these 
mouse Fc receptors, involved in cataboli.sm and transmission, have a higher affinity 
for IgCM ;md IgG2a than for IgG2b, and, presumably, Ig03, although this requires 
further clarification. 
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